Sequence-based design and discovery of peptide inhibitors of HIV-1 integrase: insight into the binding mode of the enzyme.
Integration of viral DNA into the host chromosome is an essential step in the HIV life cycle. This process is mediated by integrase (IN), a 32 kDa viral enzyme that has no mammalian counterpart, rendering it an attractive target for antiviral drug design. Herein, we present a novel approach toward elucidating "hot spots" of protein-protein or protein-nucleic acid interactions of IN through the design of peptides that encompass conserved amino acids and residues known to be important for enzymatic activity. We designed small peptides (7-17 residues) containing at least one amino acid residue that is important for IN catalytic activities (3'-processing and strand transfer) or viral replication. All these peptides were synthesized on solid phase by fluorenylmethoxycarbonyl (Fmoc) chemistry and evaluated for their inhibition of IN catalytic activities. Such specific sites of interest (i.e., protein-DNA or protein-drug interactions) could potentially be used as drug targets. This novel "sequence walk" strategy across the entire 288 residues of IN has allowed the identification of two peptides NL-6 and NL-9 with 50% inhibitory concentration (IC50) values of 2.7 and 56 microM for strand transfer activity, respectively. Amino acid substitution analysis on these peptides revealed essential residues for activity, and the rational truncation of NL-6 produced a novel hexapeptide (peptide NL6-5) with inhibitory potency equal to that of the parent dodecapeptide (peptide NL-6). More significantly, the retroinverso analogue of NL-6 (peptide RDNL-6) in which the direction of the sequence is reversed and the chirality of each amino acid residue is inverted displayed improved inhibitory potency against 3'-processing of HIV-1 IN by 6-fold relative to the parent NL-6, serving as a metabolically stable derivative for further in vitro and in vivo analyses.